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Abstract 
A linker and label free biosensing method is proposed, which utilizes nitrogen doped plasma polymer to 
achieve linker free covalent binding of biorecognition molecules and the label free ellipsometric diagnosis 
technique. The high coverage of covalent binding of the link free plasma polymer surfaces is confirmed 
using different proteins.  The highly sensitive and simplified biosensing diagnosis approach is 
demonstrated using three pairs of different antigen-antibodies. 
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1. Introduction 
Biosensing such as in immunosensors uses a biological recognition element as the preferred approach to 
identify and quantify biologically-relevant analytes, strongly relevant to applications in rapid and reliable 
clinical diagnosis.  Covalent immobilization of the biomolecular recognition element is preferred, as 
physically bound biomolecules can be detached during use and often are destabilized by the physical 
interactions that immobilize them to the surface. Covalent binding is usually achieved by employing 
linker groups, which require specialized and complex chemical procedures to prepare them on the surface 
and are often not able to retain the activity of the bound molecule over a practically useful time1-3. A 
simple and effective approach across a broad range of molecules has been recently developed using a thin 
layer of nitrogen doped plasma polymer to covalently capture protein from solution to immobilize an 
almost fully dense monolayer of covalent bound, demonstrated using a wide range of proteins and various 
analysis methodologies4-7.  In this study, we apply the linker free nitrogen doped plasma polymer surfaces 
for biosensors with a label free readout technique: ellipsometry.   The advantages of this approach are 
demonstrated with three pairs of different antigens/antibodies. 
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2. Materials and methods 
The plasma polymer method and system was reported previously4.  The schematic diagram of the system 
is given in Fig.1.  In this study, the NPP deposition system included two plasma sources: one radio 
frequency (RF) electrode at 13.56 MHz operated at 120 W to generate background plasma; the other one 
was a substrate holder connected to a pulse voltage source at 200V with pulse length 10 μs and repetition 
10 kHz.  Gases injected into the plasma chamber were acetylene (10 sccm), nitrogen (4 sccm), and argon 
(4 sccm).   Pressure of the system was maintained at 20 Pa.   The typical thickness of the nitrogen doped 
plasma polymer was in a range of 50 - 100 nm.   Polished silicon wafer was used as substrate. 
Figure 1: Schematic diagram of the nitrogen doped plasma polymer deposition system. 
Proteins tested and chemicals used were all purchased from Sigma without further purification including 
sodium dodecyl sulphate (SDS), horseradish peroxidase (HRP, Cat No P6782), bovine liver catalase 
(BSA, Cat No C3155), HRP antibody (Cat No P7899), human serum IgG (Cat No I4506), anti-human 
IgG (Cat No I3266).  Human (recombinant) tropoelastin corresponding to amino acid residues 27–724 of 
GenBank entry AAC98394 (gi 182020) was expressed and purified as previously described8, and anti-
elastin clone BA-4 antibody (anti tropoelastin, Cat No E4013).  
The NPP biosensors were characterized using J.A. Woollam M-2000 spectroscopic ellipsometry, which 
allows us to obtain complete information in a wide range of wavelengths, including wavelength at 632 
nm.  A flow cell with 70o incidence angle windows was used during the ellipsometry analysis.  All 
ellipsometry analysis in this work was done at 70o incident angle.  Soaking for protein immobilization or 
interaction was all conducted for 30 minutes unless specified in the text. A photoelectron spectroscopy 
(XPS) system, (model: SPECS-XPS, from SPECS, Germany) was used to analyze the element 
concentration and binding energies of the plasma polymer surfaces.  The XPS system was equipped with 
a high sensitivity PHOIBOS 150-9 MCD energy analyzer.  Al K-alpha X-ray source (1486.74eV) was 
used in the analysis.  
3. Results and discussion 
Figure 2 shows XPS analysis data on covalent binding of HRP, anti-HRP and tropoelastin proteins on the 
plasma polymer surfaces.  In the XPS analysis, the S 2p peak was used instead of the N 1s peak as the 
nitrogen peak has a major contribution from the polymer surfaces.  The XPS S 2p peak arises from 
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cysteine or methionine amino groups in the proteins. Rinsing in water after SDS treatment removes 
almost all SDS molecules.  Any trace or small quantity of remaining unwashed SDS on surfaces can 
subtracted from the S 2p peak as the binding energy of S 2p in SDS is approximately 4-5 eV larger than 
that of the main S 2p peak of proteins. This method was recommended previously for XPS analysis of 
immobilized proteins on surfaces containing nitrogen and the results correlated very well with ELISA 
analysis9. The covalent binding capacity (vertical axis) is defined as the ratio of the remaining 
tropoelastin after SDS cleaning to the protein quantity before SDS treatment. A significantly higher 
covalent binding capacity of the surface was evident.  Comparison using the same method on untreated 
silicon, PDMS and PTFE surfaces resulted in covalent binding of the proteins less than 5%.    The high 
covalent binding capacity was found by using 2 mg/ml concentration BSA blocking after immobilization 
of a number of different proteins and rinsing in buffer, which showed that immobilized the quantity of the 
immobilised proteins were basically unchanged after the BSA blocking.  
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Figure 2: Covalent binding capacity of HRP, anti-HRP and tropoelastin proteins on the 
nitrogen doped plasma polymer surfaces using XPS analysis.   
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Figure 3: (a) Psi spectra in ellipsometry measurements for the sequence of operations: 
before protein immobilization (BP), after incubation in HRP buffer (HRP), and incubation 
anti-HRP solution (HRP+antiHRP); (b) C 1s spectra in XPS analysis of the samples with 
the same conditions in (a).   
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Figure 3(a) shows the Psi spectral measurements obtained for the sequence of operations: before protein 
immobilization (BP), after incubation in 50 μg/ml HRP buffer and subsequent rinsing in buffer (HRP), 
followed by incubation in 4 μg/ml anti-HRP buffer and rinsing in buffer (HRP+antiHRP).  The resulted 
changes in Psi are: 0.43o for HRP binding and 0.80o for anti-HRP binding.  Since the typical angle 
sensitivity of a typical ellipsometry system is better than 0.02o, this result suggests that the nitrogen doped 
plasma polymer biosensor provides reliable analysis, considering the HRP is a relatively small protein. 
Using a simple linear relationship between the immobilized protein layer thickness and the change of Psi, 
we can calculate that the molecular ratio of the captured anti-HRP to the initially bound HRP is 1.5. This 
indicates that the captured anti-HRP by the initial immobilized HRP had a high density, or approximately 
every two HRP molecules captured one anti-HRP protein.  Consider the physics size difference between 
the HRP and anti-HRP, we can estimate that the captured anti-HRP molecular layer was also densely 
packed.  Also shown in Fig.3(b) is the XPS analysis on the anti-HRP biosensor using the C 1s peaks.  The 
shoulder in the C1s spectra near 288.5eV are commonly used for approximate quantification of 
immobilized proteins10, which gave a value of 1.86 for the immobilized protein quantity ratio of the anti-
HRP to the HRP, agreed reasonably well with the ellipsometry data in Fig.3(a). 
In Fig.4, we show the further diagnosis application of our proposed biosensor technology using the 
human tropoelastin and anti-tropoelastin pair.  The Psi readings were recorded at 632 nm wavelength for 
the sequence of conditions: before protein immobilization (BP), after incubation in 20 μg/ml anti human 
tropoelastin and rinsing in buffer (anti-tropo), followed by incubation in 5 μg/ml human tropoelastin and 
rinsing in buffer (Tropo).   The sensitivity for both the anti-tropoelastin and tropoelastin was good, 
compared with the measurement errors.   
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Figure 4: Psi readings at 632 nm wavelength in ellipsometry measurements for the 
sequence of operations: before protein immobilization (BP), after incubation in anti 
tropoelastin buffer (anti-tropo), and incubation human tropoelastin solution (Tropo).   
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Figure 5: Psi spectra of a biosensor for the sequence of operations: before protein 
immobilization (BP), after incubation in anti human IgG buffer (anti-IgG), after BSA 
blocking (BSA), and after the capture of human antibody and rinsing in buffer (IgG).   
In Fig.5 we show the Psi spectra measurements obtained over the sequence of operations: before protein 
immobilization (BP), after incubation in 200 μg/ml anti human IgG buffer solution and subsequent 
rinsing in buffer (Anti-IgG), followed by blocking in 2 mg/ml BSA and rinsing in buffer (BSA), then after 
soaking in 200 μg/ml human antibody and rinsing in buffer (IgG).  After initial immobilisation of anti 
human IgG, the BSA blocking did not produce meaningful change of the reading.  The Psi change ratio 
by the captured IgG to the immobilised anti IgG was about 0.85, indicating a large number of active 
binding sites of the anti IgG were accessible by the IgG in solution.   
In conclusion, we have demonstrated in this paper the linker free nitrogen doped plasma polymer as the 
biorecognition element carrier surfaces with a label free ellipsometry diagnosis method. The reliability of 
the biosensors results from the high covalent binding capacity of proteins of the linker free nitrogen 
doped plasma polymer surfaces, which offers a rapid and simple biosensing diagnosis approach using the 
reliable ellipsometry technique.  Three pairs of different antigen-antibodies were used to demonstrate the 
robust biosensor methodology.  It is apparent that this method is suited for not only immunosensors but 
also for other types of biosensors as long as the biological reactions result in mass change or involve 
molecular binding/detaching processes on the surface of the biosensor.   
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